A study was carried out on the effect of varied levels of dietary aflatoxin on acetylcholinesterase, glucose and total protein concentration in the brain regions of West African Dwarf goats. 20 West African Dwarf goats of about 5-6 months old were used for the trial and they were randomly allotted to four dietary treatments containing 0 (control), 50, 100 and 150 µg aflatoxin/kg diet. The animals were housed individually for the feeding trial in a completely randomised designed and the experiment lasted 12 weeks. At the end of the feeding trial, the animals were sacrificed and brain dissected into different regions. The different regions of the brain studied were medulla oblongata, amygdala, hippocampus, cerebral cortex, mid-brain, cerebellum, pons varoli and hypothalamus. Samples were collected from these regions and homogenised to determine acetylcholinesterase, glucose and total protein concentrations. Result showed that the acetylcholinesterase activity in the brain regions was not significantly influenced by the dietary aflatoxin among the treatments. Glucose concentration was significantly (p<0.05) higher in the hypothalamus of animals fed 50 µg aflatoxin/kg and control diet than those fed 100 and 150 µg aflatoxin/kg. Total protein concentration in the medullar oblongata and the hypothalamic regions of the brain in animals fed 150 ppb was significantly (p<0.05) higher than those on the control diet. The pH of the medulla oblongata, amygdala, hippocampus, cerebral cortex were significantly (p<0.05) higher in goats fed 150 mg/kg than those fed the control diet. However, pH was not significant in the mid brain, cerebellum, pons varoli and hypothalamus among the treatments. This study suggests that dietary aflatoxin up to 100 ppb reduced glucose concentration in the hypothalamus and total protein in the medulla oblongata region of the brain with tendency to impair brain function.
INTRODUCTION
Aflatoxins are an important group of mycotoxin produced by the fungi Aspergillus flavus, A. parasiticus and A. nomius (Diaz et al., 2008) . Other species of Aspergillus such as A. bombycis, A. ochraceoroseus and A. pseudotamari also produce aflatoxins (Bennett and Klich, 2003) . On world-wide scale, the aflatoxins are found in *Corresponding author. E-mail: eoewuola@gmail.com. Tel: +2348060862361.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License stored food commodities and oil seeds such as corn, peanuts, cottonseed, rice, wheat, oats, barley, sorghum, millet, sweet potatoes, potatoes, sesame, cacao beans, almonds, etc., which on consumption pose health hazards to animals, including aquaculture species of fish, and humans (Abdel-Wahab et al., 2008) . The toxin is highly oxygenated, heterocyclic, difuranocoumarin compounds that could be present in human foods and animal feedstuffs. Health effects occur in fish, companion animals, livestock, poultry and humans because aflatoxins are potent hepatotoxins, immunosuppressant, mutagens, carcinogens and teratogens.
In the tropical regions, where the climatic conditions favour luxurious growth of Aspergillus spp, people rely on commodities such as cereals, oilseeds, spices, tree nuts, milk, meat and dried fruits that are potentially contaminated by aflatoxins (Strosnider et al., 2006) . Animals are predominantly affected by the Aspergillus spp, metabolite through ingestion of contaminated diet. Aflatoxin is metabolized by cytochrome p450 group of enzymes in the liver, where it is converted to many metabolic products like aflatoxin 8, 9 epoxide, aflatoxicol, aflatoxin Q1, aflatoxin P1, and aflatoxin M1, depending on the genetic predisposition of the species. The amount of aflatoxin 8, 9 epoxide metabolite decides the species susceptibility as this can induce mutations by intercalating into DNA, by forming adduct with guanine moiety in the DNA (Smela et al., 2001) .
There is currently lack of information on the aflatoxin effect on the brain of West African Dwarf (WAD) goats. The brain also operates as central control of movement, balance, memory, thought and emotion in the body of an animal (Taylor, 1998) . Knowledge of the biochemical composition of the brain is therefore important. Some reports on the biochemical characteristics of the brains of farm animals have been documented, most especially for boars (Egbunike, 1981) , pigs (Adejumo and Egbunike, 2001a) and rabbit (Bitto, 2008) but not in relation to aflatoxin effect.
METHODOLOGY Experimental location and materials
This study was approved by our institutional committee on the care and use of animals for experiment. The experiment was carried out at the small ruminant unit of the Teaching and Research Farm, University of Ibadan, Ibadan, Nigeria. It is located at latitude 70° 20' N and longitude 40° 50' E. It is 200 m above sea level with average day time temperature of 23 to 27°C and relative humidity of 80 to 85%.
Clean maize grains were purchased from local market in Ibadan metropolis and sorted. Damaged, coloured and bad kernels were removed and disposed. Other ingredients used for the feeds were purchased from Kesmac Feed and Agric Consult feed mill, opposite University of Ibadan second gate, Ibadan.
Aflatoxin contaminated maize grains
Maize grain served as the aflatoxin carrier in the diets used for this Ewuola and Bolarinwa 241 study. The maize grains used for the experiment was inoculated with toxigenic strain Aspergillus flavus predominant in Nigeria. This culturing and inoculation was done at the Plant Pathology Unit, International Institute of Tropical Agriculture, Ibadan, Nigeria. The concentration in the maize grains and the diet was determined as described by Suhagia et al. (2006) .
Experimental animals
Total of 20 WAD bucks of 5 months old were purchased for the experiment. The weights of the animals ranged from 7-9 kg. The animals were acclimatized for 28 days at the experimental site for physiological adjustment to feed and environment. Concentrate diet and Gliricidia leaves were fed, and fresh water were provided for the animals throughout the experiment. The animals were vaccinated against peste des pesti ruminants and treated with ivomectin injection against endo and ecto-parasites. Other routine management practices were carried out during the experimental duration.
Experimental diets
Four diets were formulated to meet the nutrient requirement of the animals. Diet 1 which is the control in the experiment and contained cleaned maize without aflatoxin contamination. The contaminated maize grains were used in substitution for the uninfected maize grains to vary the concentration of aflatoxin among diets 2, 3 and 4. All diets were iso-nitrogenous (12.9% CP) and isocaloric (3.57kcal/g DE).
Treatment layout
Diet 1: Control diet without aflatoxin Diet 2: Diet containing 50 ppb aflatoxin Diet 3: Diet containing 100 ppb aflatoxin Diet 4: Diet containing 150 ppb aflatoxin
Feeding trial
At the end of the acclimatisation period, 20 bucks were weighed and allotted randomly into four treatments such that each treatment has 5 animals housed individually in a completely randomised design. Dietary treatments 1, 2, 3 and 4 were represented with T1, T2, T3 and T4, respectively. Dietary treatments were offered to the respective animals twice daily at 8.00 a.m. and 12.30 p.m. with their respective diets ad libitum. Feed supply was adequate and responsively supply as the bucks weight changes, since feed consumption would be expected to change with body weight. The experiment lasted for 12 wk, during which animals were fed concentrate as supplement to gliricidia sepium in ratio 2:3 of their body weight.
Brain regions assessment
At the end of the feeding trials the animals were sacrificed, head dissected to harvest the brain and the brain was separated into regions samples were taken from the following regions: amygdala, cerebellum, hypothalamus, hippocampus, pons varoli, mid-brain and medulla oblongata.
Total proteins concentration
The total protein concentrations in the regions were evaluated using the Biuret method as earlier reported by Adejumo and Egbunike (2001b) . An automatic dispenser was used to measure 5 mL of Biuret reagent into a test tube and 10 L of the homogenate will be added. The mixture was incubated at room temperature of about 25ºC for 30 min. After incubation, the incubated mixture was poured into a clean cuvette. The side of the cuvette was thoroughly wiped with tissue paper before it was placed inside spectrophotometer at wavelength of 540 nm to determine the protein concentration. The blank was used to standardize the spectrophotometer. The standard was prepared using 0.1 mL of total protein standard and 5 mL of Biuret reagent.
Total protein concentration = Absorbance of homogenate × 6 g/dL / Absorbance of standard
Glucose concentration
The glucose concentrations in the regions of the brain were evaluated using the method as earlier reported by Bitto et al. (2009) . 10 L of the homogenate was introduced into a test tube and l mL of the glucose reagent was added. The mixture was incubated at 37°C for 10 min. Some of the incubated mixture was poured in a clean cuvette and read at wavelength of 500 nm.
Glucose concentration (mg/dL) = Absorbance of homogenate × 100 / Absorbance of standard
Acetylcholinesterase concentration
The regions were homogenized in 0.1 mL of phosphate buffer (pH 7.4) using Elvenjem glass homogeniser and latter assay for acetylcholinesterase (AChE) concentration was determined according to the calorimetric method as reported by Egbunike (1981) which measure the rate of hydrolysis and acetyl thiocholine iodine substrate to thiocholine and acetate using 5:5 dithiobis-2-nirobenzoate (DTNB) as the colour reagent. 2.6 mL of the buffer was pipette inside the cuvette. 100 L of DTBN and 0.4 mL of the homogenate were added and the mixture was placed inside the spectrophotometer and this was standardized to zero after which 20 L of substrate was added. The initial absorbance was read and after 4 mins the final reading was taken at a wavelength of 405 nm.
Data analysis
Data obtained were subjected to analysis of variance at p = 0.05 and means were separated using Duncan's multiple range tests of SAS (1999) . SAS/STAT® (version 8.0) (SAS Institute, Cary, North Carolina, United States).
RESULTS

Acetylcholinesterase activity in brain regions of WAD goats
The effect of aflatoxin on the AChE activity in the brain regions of WAD bucks is as shown in Table 1 . The result obtained showed that there was no significant difference the AChE concentration among the dietary treatments. The AChE in medulla oblongata, amygdala, hippocampus, cerebral cortex, mid-brain, cerebellum, pons varolis and hypothalamus was not significantly influenced by dietary aflatoxin among the treatments. The AChE observed in treated animals was not significantly different from the control.
Glucose concentration in the brain regions of WAD goats
The glucose concentration in the brain regions of WAD bucks fed varied levels of dietary aflatoxin is as shown in Table 2 . The result obtained showed no significant difference in all the brain regions examined except hypothalamus among the treatments. It was observed that the glucose concentration in the hypothalamus of goats fed treatment 2 was not significantly different from those fed control diet. However, the value obtained for animals on T2 and T1 were significantly (p<0.05) higher than those fed treatments 3 and 4. The glucose concentration in hypothalamus of goats fed treatment 3 was not significantly different from those fed treatment 4.
The pH and total protein concentration in brain region of WAD goats
The pH of the brain regions of WAD bucks fed dietary Table 3 . No significant difference was observed in the pH of mid-brain, cerebellum, pons varoli, hypothalamus of the animals among the treatments. However, there was significant (p<0.05) difference in the pH value of medulla oblongata, amygdala, hippocampus and cerebra among the treatments. The pH in these brain regions followed the same trend, and that of animal fed Treatment 4 were not significantly different from those fed treatments 2 and 3 but were significantly (p<0.05) higher than those bucks on the control diet. The total protein concentration within the brain regions of the bucks fed varied level of dietary aflatoxin is as shown in Table 4 . The amygdala, hippocampus, cerebral cortex, cerebellum and pons varoli of the animal fed dietary aflatoxin were not significantly different among the treatments.
However, total protein concentration in medullar oblongata of the animal on treatment 1 was significantly (p<0.05) lower than those on treatment 4 while those on treatments 2 and 3 were not significantly different from each other. Also, the hypothalamus of the animal fed treatment 4 which has the highest dose of aflatoxin recorded total protein concentration which was significantly (p<0.05) higher than goats fed treatments 1, 2 and 3. However, the total protein in hypothalamus of goats fed treatments 2 and 3 was not significantly different from the control.
DISCUSSION
The ability of aflatoxin producing fungi (Aspergillus flavus) to grow on wide range of food and feed stuffs under certain condition constitutes a threat to both animals and human (Sayed and Abeer, 2013) . In developing countries where food availability often times are considered before food safety, there is a lack of legislation on acceptable limits for aflatoxin and population are undoubtedly exposed to high amount of aflatoxin (Williams et al., 2004) . The AChE activity that was not significantly different among the brain regions for all the treatments indicated that the inclusion of aflatoxin level up to 150 ppb does not affect normal synthesis and catabolism of neurotransmitters (AChE) which could presumably be tolerated by the animal since it does not affect any brain region biochemicals. This could probably be that goat has higher resistance to aflatoxicosis than sheep and cattle. Adejumo et al. (2005) reported from the study on sex differences in acetylcholinesterase activity in Red sokoto bucks and does that the AChE maintains its characteristically low concentration in Red sokoto bucks brain. However, AChE concentration was highest in the mid brain, medulla oblongata, hippocampus of pig brain (Adejumo and Egbunike, 2002) . The lack of micro doses of dietary aflatoxin effect on the AChE activity in the cerebellum may be due to its involvement in locomotion and muscular activities which are maintained in the animal up till old age (Adejumo and Egbunike, 2004) . In addition, the cerebellum itself is characterised by typically low AChE activities (Adejumo and Egbunike, 2002) . The normal level of AChE reported for Red Sokoto goats was 4.32±0.36 µmol/g/min (Adejumo and Egbunike, 2002) .
The significant difference that was observed in the protein concentration in medulla oblongata and hypothalamus could be due to change in protein synthesis or metabolism and could be attributed to under nutrition or poor nutrient utilization as reported in these same animals (Ewuola et al., 2013) . Aflatoxin has been reported to binds and interferes with enzymes and substrates that are needed in the initiation, transcription and translation process involved in protein synthesis. This may also be indicative of aflatoxin effect on the brain development as protein in the brain is important for it functions such as repair of worn-out tissues for growth, muscles development and it also binds to some minerals to ensure bioavailability of minerals for proper utilisation (Adejumo et al., 2005) .
The total protein levels in the brain regions in the study were generally higher than the values reported for the brain regions of male porcine by Egbunike (2001, 2001a) and Bitto (2008) for rabbit bucks. This disparity may be due to species differences in biochemical characteristics of brain regions. Also, total proteins in the brain undergo major changes during development (Tucek et al., 1990 ) and such changes have been found to be unaffected by genetic or species effects amongst some ruminant (Adejumo et al., 2005) .
There were no significant differences in glucose concentration of the different brain regions, except hypothalamus. The significant difference in the hypothalamus may be due to its involvement in glucose transport, energy production and glycogenesis which was also observed by Sayed and Abeer (2013) male Sprague rat fed aflatoxin. It could also indicate that WAD bucks may have increased activities in their brain with respect to hormone secretion (Taylor et al., 1998) since hypothalamus is involved in the release of gonadotropin releasing hormones in the brain.
The glucose concentration in the hypothalamus region of animal fed 100 and 150 µg/kg aflatoxin significantly lower than those fed 50 µg/kg aflatoxin and the control diet could be an indication of hypothalamic hypoglycaemia probably induced by the toxin. This implies that glucose is low, psychological process requiring mental effort may be impaired. The result corroborates the finding of Ikegwuonu (1983) who reported that nerves tissue requirement for glucose molecules were reduced during aflatoxicosis. Glucose has earlier been reported to be the obligatory energy substrate for fuelling brain and it is entirely oxidised to carbon iv oxide and water for optimal use (Magistretti et al., 1999; Kong et al., 2002) .
The alteration in the pH of medulla oblongata, amygdala, hippocampus and cerebral cortex among the treatments could be attributed to treatment effect induced by the toxin. However the observe values across the treatments were within the physiological range of 7.2-7.5 reported by Bermeryer (1974) .
Aflatoxin does not have any significant effect on the brain pH, values obtained ranges from 7.3-7.5 in all the dietary treatments. The AChE is reported to be optimally active within a pH range of 7.2-8.5 (Bergmeryer, 1974) . At a level beyond this range, AChE is inactivated (Bergmeryer, 1974) , although WAD goats have been adjudged to be tolerable to aflatoxin.
Conclusion
Based on the results of this study, the acetylcholinesterase activity and total protein concentration for the treatments were not influence across the brain regions by the micro doses of aflatoxin up to 150 µg/kg. However, the animals on 100 and 150 µg/kg suffer hypothalamic hypoglycaemic condition in the brain which may impair psychological process and affect mental effort like coordination. This study suggests that dietary aflatoxin above 50 ppb reduced glucose concentration in the hypothalamus and total protein in the medulla oblongata region of the brain.
